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INTERDIGITATED PRIMITIVES to be deposited onto a medium ( e . g . , paper ) during printing . 
The print cartridge 111 ( e . g . , inkjet print cartridge ) can 

BACKGROUND incorporate a printhead 115 . The print cartridge 111 can 
include an ink reservoir 113 . An ink reservoir can include a 

Printing devices are widely used and may include a 5 container to store ink . The printhead 115 can include a 
printhead enabling formation of text or images on a print nozzle member 117 . The nozzle member can include a 
medium . Such a printhead may be included in a printer number of nozzles 119 . The number of nozzles 119 can be 
cartridge that includes channels that carry ink to firing arranged in two parallel columns of nozzles . The number of 
chambers . For instance , ink may be ejected onto the print nozzles 119 can be arranged in multiple columns and / or no 
medium by being fired through a firing chamber from an ink 10 columns depending on a design of the nozzles . Examples are 
supply . not limited to column , parallel columns , etc . The nozzles can 

each be associated with a firing chamber . The number of 
BRIEF DESCRIPTION OF THE DRAWINGS nozzles 119 can be arranged in a particular order and / or can 

be fired in a particular order . The print cartridge can include 
FIG . 1 is a section view illustrating an example of a print 15 contact pads 121 . The contact pads 121 can include a 

cartridge according to the present disclosure . component to connect with a printer by terminating a 
FIG . 2 is an illustration of an example of a nozzle member number of conductive traces . The print cartridge can be 

according to the present disclosure . designed to connect with a printer through the contact pads 
FIG . 3 is are example of a method for printing according 121 that contact printer electrodes to provide externally 

to the present disclosure . 20 generated energization signals to the printhead . 
The number of nozzles 119 can each be designated by an 

DETAILED DESCRIPTION address . A set of addresses can make up a primitive . For 
example , a primitive can include six addresses that each 

A printer can use a printer cartridge ( e . g . , an inkjet printer designate a nozzle location . A nozzle member 117 can 
cartridge ) to dispense ink . A printer cartridge can include a 25 include a number of primitives ( as illustrated in FIG . 2 ) . As 
nozzle member including nozzles ( e . g . , nozzle orifices ) . The an example , a nozzle member 117 can include four primi 
nozzles can release and / or eject ink using firing chambers . tives . As another example , a nozzle member 117 can include 
The location of a nozzle can be an address . An address can six primitives . 
be a location of a nozzle in a primitive and / or on a nozzle FIG . 2 is an illustration of an example of a nozzle member 
member in general . A number of addresses can be grouped 30 217 according to the present disclosure . The nozzle member 
into a primitive . A primitive can be a particular number of 217 can include an array of ink nozzles 219 ( e . g . , ink 
addresses ( e . g . , six addresses ) to eject ink . The firing cham - nozzles ) . A first ink nozzle 231 - 1 can be in a first primitive 
bers can be associated with an address and eject ink . The ( P1 ) ( which includes nozzles P1 - A1 231 - 1 through P1 - A6 
firing chambers can be fired in a particular order . As the 231 - 6 ) . The first ink nozzle can be designated as a first 
firing of each firing chamber increases , a reduction in 35 address ( A1 ) of the first primitive ( P1 ) . The first primitive 
addresses per primitive can occur . For example , eight ( P1 ) can be interdigitated with a second primitive ( P2 ) 
addresses per primitive can operate at a lower frequency ( which includes nozzles P2 - A1 233 - 1 through P2 - A6 233 
( e . g . , fluidic frequency below 48 KHz and electrical fre - 6 ) . A third primitive ( P3 ) can include three addresses ( e . g . , 
quency below 96 KHz ) than six addresses per primitive nozzles P3 - A1 231 - 7 through P3 - A3 231 - 9 ) . The third 
( e . g . , fluidic frequency of 48 KHz and electrical frequency 40 primitive can be interdigitated with a fourth primitive ( P4 ) . 
at 96 KHz ) . Lowering a number of addresses per primitive The fourth primitive ( P4 ) can include three addresses ( e . g . , 
can cause cross - talk . Cross - talk can include neighboring nozzles P4 - A1 233 - 7 through P4 - A3 233 - 9 ) . While the 
nozzles firing close together . Firing neighboring nozzles can example includes four numbered primitives , additional num 
cause puddling when ink is fired from firing chambers that bers of primitives can be in a nozzle member 217 ( e . g . , 
are too close together . 45 P ( n - 1 ) including nozzles P ( n - 1 ) - A4 P ( n - 1 ) - A5 231 - M , and 

Cross - talk and electrical frequency can be related . As P ( n - 1 ) - A6 231 - N , and P ( n ) including nozzles P ( n ) - A4 P ( n ) 
electrical frequency increases , a number of address per A5 233 - M , and P ( n ) - A6 233 - N ) . 
primitive may decrease . As the number of primitives A number of firing chambers can be associated with the 
decreases , cross - talk can increase . Interdigitating the number of nozzles P1 - A1 231 - 1 through P ( n - 1 ) - A6 231 - N 
addresses of a number of primitives ( e . g . , two primitives ) 50 and P2 - A1 233 - 1 through P ( n ) - A6 233 - N . The number of 
can reduce cross - talk . Interdigitation can include interlock - firing chambers can include a firing chamber associated with 
ing two primitives . For example , non - interdigitated primi - a first address of a first primitive ( e . g . , associated with 
tives can include an ordered series of nozzles identified as a nozzle P1 - A1 231 - 1 ) . The number of firing chambers can 
first address ( A1 ) of a first primitive ( P1 ) ( e . g . , P1 - A1 ) , and include a first set of firing chambers associated with one 
subsequent address of the first primitive : P1 - A2 , P1 - A3 , 55 primitive of each of the interdigitated sets of primitives . For 
P1 - A4 , P1 - A5 , P1 - A6 , and a first address of a second example , the first set of firing chambers can be associated 
primitive ( e . g . , P2 - A1 ) , and subsequent addresses of the with nozzles 231 - 1 through 231 - 6 . The first set of firing 
second primitive : P2 - A2 , P2 - A3 , P2 - A4 , P2 - AS , and P2 - A6 . chambers can be associated with a first address of the one 
Interdigitated primitives can include an ordered series of primitive of each of the interdigitated sets of primitives . For 
nozzles identified as P1 - A1 , P2 - A1 , P1 - A2 , P2 - A2 , P1 - A3 , 60 example , P1 can include A1 ( e . g . , nozzle P1 - A1 231 - 1 ) and 
P2 - A3 , P1 - A4 , P2 - A4 , P1 - A5 , P2 - A5 , P1 - A6 , and P2 - A6 ( as is one primitive of the interdigitated set of P1 and P2 and 
illustrated in FIG . 2 ) . Firing every other primitive in separate includes the first address . Nozzle P3 - A1 231 - 7 can be 
time series pulse propagations down a resistor column of associated with the first set of firing chambers as it includes 
nozzles can decrease cross - talk . a first address of P3 and P3 is one primitive of an interdigi 

FIG . 1 is a section view illustrating an example of a print 65 tated set of primitives ( e . g . , P3 and P4 ) . 
cartridge 111 ( e . g . , an inkjet print cartridge ) . A print car - The number of firing chambers can include a second set 
tridge can include a component of a printer that contains ink of firing chambers associated with a first address of another 
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or a different primitive of each of the interdigitated sets of nozzle position . The first and second primitives can be 
primitives . For example , nozzle P2 - A1 233 - 1 includes a first interdigitated so that a third , fourth , fifth , and sixth address 
address of the other primitive of the interdigitated set of of the first primitive is in a fifth ( e . g . , nozzle P1 - A3 231 - 3 ) , 
primitive P1 and P2 . Nozzle P4 - A1 233 - 7 can be associated seventh ( nozzle P1 - A4 231 - 4 ) , ninth ( e . g . , nozzle Pl - A5 
with a firing chamber of the second set of firing chambers as 5 231 - 5 ) , and eleventh - ordered ( e . g . , nozzle P1 - A6 231 - 6 ) 
nozzle P4 - A1 233 - 7 includes a first address of another or a nozzle positions . 
different primitive of an interdigitated set ( e . g . , interdigi - The number of primitives can include a second primitive 
tated set P3 and P4 ) . that includes a third , fourth , fifth , and sixth address in 

The first set of firing chambers associated with a first corresponding sixth ( e . g . , nozzle P2 - A3 233 - 3 ) , eighth ( e . g . , 
address of one primitive of each of the interdigitated sets of 10 nozzle P2 - A4 233 - 4 ) , tenth ( e . g . , nozzle P2 - A5 233 - 5 ) , and 
primitives can be fired before the second set of firing twelfth - ordered ( e . g . , nozzle P2 - A6 233 - 6 ) nozzle positions . 
chambers associated with a first address of the other primi The nozzle member 217 can include a third primitive of the 
tive of each of the interdigitated sets of primitives is fired . number of primitives interdigitated with a fourth primitive . 
For example , a firing order can include nozzle P1 - A1 231 - 1 , The third and fourth primitive can be interdigitated so that 
nozzle P3 - A1 231 - 7 , nozzle P2 - A1 233 - 1 , and nozzle P4 - A1 15 a first address of the third primitive is in a thirteenth - ordered 
233 - 7 . nozzle position ( e . g . , nozzle P3 - A1 231 - 7 ) and a first address 

The number of firing chambers can include a third set of of the fourth primitive is in a fourteenth - ordered nozzle 
firing chambers associated with a second address of the one position ( e . g . , nozzle P4 - A1 233 - 7 ) . The third and fourth 
primitive of each of the interdigitated sets of primitives . For primitive can be interdigitated so that a second address of the 
example , the third set of firing chambers can be associated 20 third primitive is in a fifteenth - ordered nozzle position ( e . g . , 
with nozzles P1 - A2 231 - 2 and P3 - A2 231 - 8 as both nozzles nozzle P3 - A2 231 - 8 ) and a second address of the fourth 
P1 - A2 231 - 2 and P3 - A2 231 - 8 include a second address and primitive is in a sixteenth - ordered nozzle position ( eg . 
are of a first primitive of an interdigitated set of primitives nozzle P4 - A2 233 - 8 ) . The third and fourth primitive can be 
( e . g . , interdigitated set P1 and P2 , and interdigitated set P3 interdigitated so that a third address is in a corresponding 
and P4 ) . The number of firing chambers can include a fourth 25 seventeenth - ordered nozzle position ( e . g . , nozzle P3 - A3 
set of firing chambers associated with a second address of 231 - 9 ) . The third and fourth primitive can be interdigitated 
the other primitive of each of the interdigitated sets of so that the fourth primitive includes a third address in a 
primitives . For example , the fourth set of firing chambers corresponding eighteenth - ordered nozzle position ( e . g . , 
can be associated with nozzles P2 - A2 233 - 2 and P4 - A2 nozzle P4 - A3 233 - 9 ) . 
233 - 8 . The third set of firing chambers associated with the 30 A delay in firing of the number of firing chambers can 
second address of the one primitive of each of the interdigi include a dual propagation delay . For example , the following 
tated sets of primitives can be fired before a fourth set of chart below can indicate a delay for firing of each firing 
firing chambers associated with a second address of the chamber associated with the nozzles . The delay can be an 
other primitive of each of the interdigitated sets of primi - analog delay . The delay can be in digital master clock 
tives . For example , a firing order can include firing a firing 35 increments ( “ MCLK ” ) . 
chamber associated with nozzle P1 - A1 231 - 1 nozzle P3 - A1 
231 - 7 , nozzle P2 - A1 233 - 1 , nozzle P4 - A1 233 - 7 , nozzle 
P1 - A2 231 - 2 , nozzle P3 - A2 231 - 8 , nozzle P2 - A2 233 - 2 , and Primitive 
nozzle P4 - A2 233 - 8 . & Address Delay = 

While in this example four primitives are described , 40 P1 - A1 examples are not so limited . The number of primitives can P2 - A1 n / 2 + 1 
be more and / or fewer than four primitives . Each primitive P1 - A2 

can be designated with a number . The designated number P2 - A2 n / 2 + 1 
P1 - A3 can be based on an order of firing for each primitive . For P2 - A3 n / 2 + 1 

example , a first primitive can include an address fired before 45 P1 - A4 
a second primitive . A first odd number primitive can be P2 - A4 n / 2 + 1 
interdigitated with a first even number primitive . Each P1 - A5 

P2 - A5 n / 2 + 1 subsequently numbered primitive can be interdigitated with P1 - A6 
each corresponding odd and even primitive . For example , a P2 - A6 n / 2 + 1 
fifth and a sixth primitive can be interdigitated , etc . P3 - A1 

A nozzle member 217 can include an array of ink nozzles P4 - A1 n / 2 + 2 
P3 - A2 ( e . g . , nozzles orifices ) arranged in a number of primitives . P4 - A2 n / 2 + 2 The number of primitives can include a first primitive of the P3 - A3 

number of primitives interdigitated with a second primitive . P4 - A3 n / 2 + 2 

The first and second primitive can be interdigitated so that 55 
P ( n - 1 ) - A4 a first address of the first primitive ( e . g . , nozzle P1 - A1 P ( n ) - A4 n 231 - 1 ) is in a first - ordered nozzle position and a first address P ( n 1 ) - A5 n / 2 

of the second primitive ( e . g . , nozzle P2 - A1 233 - 1 ) is in a P ( n ) - A5 
second - ordered nozzle position . An ordered nozzle position P ( n - 1 ) - A6 n / 2 

P ( n ) - A6 can include a position in a column of a nozzle member . For 60 
example , nozzle P1 - A1 231 - 1 is in a first position in the 
column in FIG . 2 . Nozzle P2 - A1 233 - 1 is in a second The value of n in the chart can be equal to the number of 
position in the column , and so forth . The first and second primitives in a column . For example , consider a column with 
primitive can be interdigitated so that a second address of the four primitives . A first series of firing can include firing the 
first primitive ( e . g . , nozzle P1 - A2 231 - 2 ) is in a third - 65 firing chambers associated with four nozzles ( e . g . , nozzles 
ordered nozzle position and a second address of the second 231 - 1 , 231 - 7 , 233 - 1 , and 233 - 7 ) . A firing chamber associ 
primitive ( e . g . , nozzle P2 - A2 233 - 2 ) is in a fourth - ordered ated with a first nozzle ( e . g . , nozzle P1 - A1 231 - 1 ) can have 

Ogos 
0 

50 

n / 2 

E 

= 
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a delay of O and be fired immediately . A firing chamber address of a first primitive ( e . g . , nozzle 231 - 4 ) can be fired 
associated with a second nozzle ( e . g . , nozzle P3 - A1 231 - 7 ) before a firing chamber associated with a fourth address of 
can have a firing delay of 1 . A firing chamber associated with a second primitive ( e . g . , 233 - 4 ) ; a firing chamber associated 
a third nozzle ( e . g . , nozzle P2 - A1 233 - 1 ) can have a firing with a fifth address of a first primitive ( e . g . , nozzle 231 - 5 ) 
delay of 3 ( e . g . , ( n = 4 ) / 2 + 1 ) . A firing chamber associated 5 can be fired before a firing chamber associated with a fifth 
with a fourth nozzle ( e . g . , nozzle P4 - A1 233 - 7 ) can have a address of a second primitive ( e . g . , nozzle 233 - 5 ) ; and a 
firing delay of 4 ( e . g . , ( ( n = 4 ) / 2 ) + 2 ) . firing chamber associated with a sixth address of a first 

A second series of firing can occur subsequent to the first primitive ( e . g . , 231 - 6 ) can be fired before a firing chamber 
firing . The second series of firing can include firing the firing associated with a sixth address of a second primitive ( e . g . , 
chambers associated with four additional nozzles ( e . g . , 10 nozzle 233 - 6 ) . 
nozzles 231 - 2 , 231 - 8 , 233 - 2 , and 233 - 8 ) . A firing chamber The firing of the number of firing chambers can be 
associated with a fifth nozzle ( e . g . , nozzle P1 - A2 231 - 2 ) can executed by a system including a processor executing 
have a delay of O and be fired after the fourth nozzle ( e . g . , instructions stored on a non - transitory machine - readable 
nozzle P4 - A1 233 - 7 ) . A firing chamber associated with a medium . The system can include a data store , resource 
sixth nozzle ( e . g . , nozzle P3 - A2 231 - 8 ) can have a delay of 15 management system and / or a number of engines . The 
1 in relation to the fifth nozzle firing . A firing chamber resource management system can be in communication with 
associated with a seventh nozzle ( e . g . , nozzle P2 - A2 233 - 2 ) the data store via a communication link , and can include 
can have a delay of 3 ( e . g . , ( n = 4 ) / 2 + 1 ) in relation to the fifth engines . The number of engines can include a combination 
nozzle firing . A firing chamber associated with an eighth of hardware and programming that is configured to perform 
nozzle ( e . g . , P4 - A2 233 - 8 ) can have a delay of 4 ( e . g . , 20 a number of functions described herein ( e . g . fire a number of 
( ( n - 4 ) / 2 ) + 2 ) in relation to the fifth nozzle firing . firing chambers ) . The programming can include program 

FIG . 3 is an example of a method for printing according instructions ( e . g . , software , firmware , etc . ) stored in a 
to the present disclosure . At 341 , the method can include memory resource ( e . g . , computer readable medium , 
firing a number of firing chambers of a printhead associated machine readable medium , etc . ) as well as hard - wired 
with first addresses for each odd - numbered primitive of a 25 program ( e . g . , logic ) . 
number of primitives first . The number of primitives can be The system to fire a number of firing chambers can utilize 
numbered based on an ordering of firing of the number of software , hardware , firmware , and / or logic to perform a 
primitives . For example , a particular address of a first number of functions described herein . The system can be 
primitive can be fired before a particular address of a second any combination of hardware and program instructions 
primitive . Firing can occur by skipping a number of the 30 configured to share information . The hardware , for example 
ordered primitives . For example , a first primitive can be can include a processing resource and / or a memory resource 
fired before a third primitive , and the third primitive can be ( e . g . , computer - readable medium , machine readable 
fired before a second . Odd - numbered primitives can each be medium ( MRM ) , database , etc . ) . A processing resource , as 
interdigitated with a subsequently ordered even - numbered used herein , can include any number of processors capable 
primitive . 35 of executing instructions stored by a memory resource . The 

At 343 , the method can include firing a number of firing processing resource may be integrated in a single device or 
chambers associated with first addresses of each even distributed across multiple devices . The program instruc 
numbered primitive of the number of primitives second . For tions ( e . g . , computer - readable instructions ( CRI ) ) can 
example , a firing chamber associated with a first address of include instructions stored on the memory resource and 
a second primitive ( e . g . , nozzle 233 - 1 in FIG . 2 ) can be fired . 40 executable by the processing resource to implement a 
A firing chamber associated with a first address of a fourth desired function ( e . g . , fire a number of firing chambers ) . 
primitive ( e . g . , nozzle 233 - 7 in FIG . 2 ) can be fired . The memory resource can be in communication with a 

At 345 , the method can include firing a number of firing processing resource . A memory resource , as used herein , can 
chambers associated with second addresses of each odd include any number of memory components capable of 
numbered primitive of the number of primitives third . For 45 storing instructions that can he executed by processing 
example , a firing chamber associated with a second address resource . Such a memory resource can be a non - transitory 
of a first primitive ( e . g . , nozzle 231 - 2 ) can be fired . A firing CRM or MRM . Computer - readable medium may be inte 
chamber associated with a second address of a third primi grated in a single device or distributed across multiple 
tive ( e . g . , nozzle 231 - 7 ) can be fired . devices . Further , memory resource may be fully or partially 
At 347 , the method can include firing a number of firing 50 integrated in the same device as processing resource or it 

chambers associated with second addresses of each even - may be separate but accessible to that device and processing 
numbered primitive of the number of primitives fourth . For resource . Thus , it is noted that the system may be imple 
example , a firing chamber associated with a second address mented on a participant device , on a server device , on a 
of a second primitive ( e . g . , nozzle 233 - 2 ) can be fired . A collection of server devices , and / or a combination of the user 
firing chamber associated with a second address of a fourth 55 device and the server device . 
primitive ( e . g . , nozzle 233 - 8 ) can be fired . The memory resource can be in communication with the 

At 349 , the method can include firing each of a number of processing resource via a communication link ( e . g . , a path ) . 
firing chambers associated with subsequently numbered The communication link can be local or remote to a machine 
addresses of each odd - numbered primitive before firing each ( e . g . , a computing device ) associated with the processing 
of a number of firing chambers associated with subsequently 60 resource . Examples of a local communication link can 
numbered addresses of each even - numbered primitive . For include an electronic bus internal to a machine ( e . g . , a 
example , firing chambers associated with a third address of computing device ) where the memory resource is one of 
a first primitive ( e . g . , nozzle 231 - 3 ) and a third primitive volatile , non - volatile , fixed , and / or removable storage 
( e . g . , nozzle 231 - 9 ) can be fired before firing the firing medium in communication with the processing resource via 
chambers associated with a third address of a second primi - 65 the electronic bus 
tive ( e . g . , nozzle 233 - 3 ) and a fourth primitive ( e . g . , nozzle A number of modules can include CRI that when executed 
233 - 9 ) . Further , a firing chamber associated with a fourth by the processing resource can perform a number of func 
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tive . 

Pg . 

tions . The number of modules can be sub - modules of other firing each of a number of firing chambers associated with 
modules . For example , the historical comparison module subsequently numbered addresses of each even - numbered 
and the neighbor comparison module can be sub - modules primitive . 
and / or contained within the same computing device . In 3 . The printing system of claim 1 , wherein the instructions 
another example , the number of modules can comprise 5 are executable on the processor to control firing each primi 
individual modules at separate and distinct locations ( e . g . , tive sequentially down a column with a fire pulse delay 
CRM , etc . ) . Each of the number of modules can include causing the firing of the first address of a first primitive to 
instructions that when executed by the processing resource fire one delay unit before the first address of a third primi 
can function as a corresponding engine . 

The specification examples provide a description of the 10 4 . The printing system of claim 1 , wherein each of the first 
applications and use of the system and method of the present addresses designates a respective nozzle of an array of 
disclosure . Since many examples can be made without nozzles of the printhead , and each of the second addresses 
departing from the spirit and scope of the system and method designates a respective nozzle of the array of nozzles . 
of the present disclosure , this specification sets forth some of 5 . A method for printing , comprising : 
the many possible example configurations and implementa - 15 firing a number of firing chambers of a printhead associ 
tions . With regard to the figures , the same part numbers ated with first addresses of each odd - numbered primi 
designate the same or similar parts throughout the figures . tive of a number of primitives first , wherein the number 
The figures are not necessarily to scale . The relative size of of primitives are numbered based on an ordering of 
some parts is exaggerated to more clearly illustrate the firing of the number of primitives and each odd num 
example shown . 20 bered primitive is interdigitated with a subsequently 
What is claimed : ordered even - numbered primitive ; 
1 . A printing system comprising : firing a number of firing chambers associated with first 
a processor ; and addresses of each even - numbered primitive of the 

number of primitives second ; a non - transitory storage medium storing instructions 
executable on the processor to : firing a number of firing chambers associated with second 
control firing of a number of firing chambers of a addresses of each odd - numbered primitive of the num 

printhead associated with first addresses of each ber of primitives third ; and 
firing a number of firing chambers associated with second odd - numbered primitive of a number of primitives 

addresses of each even - numbered primitive of the first , wherein the number of primitives are numbered 
based on an ordering of firing of the number of 30 number of primitives fourth . 
primitives and each odd numbered primitive is inter 6 . The method of claim 5 , comprising firing each of a 
digitated with a subsequently ordered even - num number of firing chambers associated with subsequently 
bered primitive ; numbered addresses of each odd - numbered primitive before 

control firing of a number of firing chambers associated firing each of a number of firing chambers associated with 
with first addresses of each even - numbered primitive 35 subs ive 35 subsequently numbered addresses of each even - numbered 
of the number of primitives second ; primitive . 

control firing of a number of firing chambers associated 7 . The method of claim 5 , wherein an order of the firing 
with second addresses of each odd - numbered primi of each of the number of firing chambers is controlled by 
tive of the number of primitives third ; and instructions executed by a processor that are stored on a 

control firing of a number of firing chambers associated 40 1 ed 40 non - transitory computer - readable medium . 
with second addresses of each even - numbered primi 8 . The method of claim 5 , comprising firing each primi 
tive of the number of primitives fourth . tive sequentially down a column with a fire pulse delay 

2 . The printing system of claim 1 , wherein the instructions causing the firing of the first address of a first primitive to 
are executable on the processor to control firing each of a fire one delay unit before the first address of a third primi 
number of firing chambers associated with subsequently 45 1 
numbered addresses of each odd - numbered primitive before 
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